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SUMMARY 
T H I S RESEARCH WAS CONCERNED WITH A SYNTHET IC I N V E S T I ­
G A T I O N OF 4 -T -BUTYLCYCLOHEXYLMAGNESIUM CHLORIDE. F I R S T , THE 
STARTING CHLORIDES C I S - AND T R A N S - ^ - T - B U T Y L C Y C L O H E X Y L 
CHLORIDE WERE PREPARED. SECOND, AUTHENTIC SAMPLES OF THE 
HYDROCARBONS (T -BUTYLCYCLOHEXANE, ^ - T - B U T Y L C Y C L O H E X E N E , AND 
THE ISOMERIC V - T ' - B U T Y L C Y C L O H E X Y L - ^ - T - B U T Y L C Y C L O H E X A N E S ) THAT 
ARE ALSO FORMED I N THE PREPARATION OF T H I S GRIGNARD REAGENT 
WERE OBTAINED. 
NMR ANALYSIS WAS ATTEMPTED TO DETERMINE THE S T E R E O -
ISOMERIC COMPOSITION OF T H I S GRIGNARD REAGENT, BUT WITHOUT 
SUCCESS. THEREFORE, CARBONATION WAS DONE AND I N D I C A T E D A 
3:1 PREFERENCE OF THE EQUATORIAL A C I D . ANOTHER CHEMICAL 
METHOD WAS T R I E D . DEUTERIUM OXIDE WAS ADDED TO THE GRIGNARD 
REAGENT. T H I S T IME THE " V C NMR SPECTRA OF THE DEUTERATED 
HYDROCARBONS WERE NOT S U F F I C I E N T L Y RESOLVED TO SEPARATE THE 
C I S FROM THE TRANS DEUTEIRIATED HYDROCARBON. 
THE STUDY OF ADDIT IONS OF CARBONYL COMPOUNDS TO T H I S 
GRIGNARD REAGENT WAS BEGUN. S INCE THE TWO CARBONYL COMPOUNDS 
I N QUESTION ARE BENZOPHENONE AND ACETONE THE CORRESPONDING 
CARBINOLS WERE PREPARED. THE ONLY A D D I T I O N LOOKED AT WAS 
THAT OF ACETONE WHICH Y I E L D E D ONLY THE TRANS CARBINOL. 
CHAPTER I 
DISCUSSION 
Introduction 
The following investigation was concerned with the 
synthetic study of ^-t-butylcyclohexylmagnesium chloride 
The first endeavor was an attempt to ascertain the stereo­
i s o m e r ^ composition of this Grignard reagent. While the 
second part deals with the stereochemistry of reaction for 
this Grignard reagent 1 with such substrates as carbon di­
oxide, deuterium oxide, and acetone, 
1 2 3 If 
It has been verified »• that carbonation can be 
used to establish the configuration of lithium and magnesium 
organometallies. In the case of menthyllithium (3) it has 
been reported ' that configurational stability was indicated 
by nmr analysis and confirmed by the carbonated product 4 
(see Scheme I ) . In the case of an organomagnesium reagent, 
Jensen and Nakamaye have shown by nmr analysis that a 59*^1 
endo :exo ratio of isomeric norbornylmagnesium bromides £ and 
8 could be carbonated to yield a 5 6 s 4 4 endo:exo mixture of 
0* 11 ——~— 
acids 9 and 10 (see Scheme I I ) . 
ru rutv 
h 
However, Glaze and co-workers could not verify by nmr 
the carbonation results for their ^-t-butylcyclohexyllithium 
reagent (13) due to its insolubility in diethyl ether. They 
2 
Scheme I 
? M g B r - 8 
( 5 9 : M e n d o s e x o ) 
C 0 P H 
9 • 10 
( V < V A S 
( 5 6 : ^ e n d o : e x o ) 
3 
p r e p a r e d ^ t h i s r e a g e n t f r o m c i s - ^ - t - b u t y l c y c l o h e x y l c h l o r i d e 
(HZ) ( 7 - 1 0 ^ t r a n s - i s o m e r ) a n d l i t h i u m s a n d . U p o n c a r b o n a t i o n 
a n d s u b s e q u e n t t r e a t m e n t w i t h d i a z o m e t h a n e , me t h y l - t r a n s - * J — t -
b u t y l c y c l o h e x y l c a r b o n a t e ( 1 4 ) w a s o b t a i n e d ( o n l y k% . c i s - i s o n i e r ) 
( S c h e m e I I I ) . 
S c h e m e I I I 
t-Bu 
12 
ru#vi 
(7-10fo t r a n s -
i s o m e r T " 
L i s a n d 
E t 2 0 t - B u 
1 ) C 0 2 
2 ) H 3 0 
3 ) C H 2 N ; 
t - B u 
H 
I k 
H 
C 0 2 C H 3 
(< k% c i s - i s o m e r ) 
T h i s b r i n g s u s t o a v e r y i m p o r t a n t p o i n t a b o u t t h e 
f o r m a t i o n o f s e c o n d a r y o r g a n o ^ - l i t h i u m a n d m a g n e s i u m r e a g e n t s . 
A s i n d i c a t e d a b o v e i n t h e p r e p a r a t i o n o f m e n t h y l l i t h i u m ( ^ ) 
a n d 4 - t - b u t y l c y c l o h e x y l l i t h i u m (13)i t h e s t e r e o c h e m i s t r y - o f 
t h e s t a r t i n g h a l i d e a n d t h e o r g a n o l i t h i u m a r e n o t t h e s a m e . 
I n t h e c a s e o f o r g a n o m a g n e s i u m c o m p o u n d s , we a l s o s e e a l o s s 
o f s t e r e o c h e m i s t r y f r o m t h e s t a r t i n g h a l i d e . F o r e x a m p l e i n 
4 
t h e n o r b o r n y l s y s t e m J e n s e n a n d N a k a m a y e ^ s h o w e d t h a t w i t h 
e i t h e r t h e p u r e e n d o o r e x o b r o m i d e 6 o r 11 a 59*^1 r a t i o 
jr , — ru ruru 
of e n d o : e x o G r i g n a r d r e a g e n t s 7 a n d 8 w a s f o r m e d ( S c h e m e I I ) . 
——— • • ru ru 
A l s o , K r i e g h o f f a n d Coward f o u n d t h a t w i t h p u r e e n d o c h l o r i d e 
15 a n d p u r e e x o c h l o r i d e 18 a 5^ :^6 a n d 5 3 ! ^ 7 r a t i o o f 
ruru rviru 
e n d o ; e x o G r i g n a r d r e a g e n t s 16 a n d 17 w e r e o b t a i n e d , r e s p e c t -
—— ruru *v»rv 
i v e l y ( S c h e m e I V ) . -
S c h e m e I V 
15 
Mg 
H — V ^ M g C l 
• M g C l H 
16 17 
(5^:^-6 e n d o : e x o ) 
Mg 
M g C l 
16 
M g C l 
(53:47 e n d o : e x o ) 
D i s c u s s i o n o f R e s u l t s 
B e f o r e l o o k i n g a t 4 - t - b u t y l c y c l o h e x y l m a g n e s i u m c h l o r i d e 
rv 
(1) t h e s t a r t i n g c i s - 4 - t - b u t y l c y c l o h e x y l c h l o r i d e (12) and 
ru ' —— ru r*u 
5 
trans -4- t -butyleyelohexyl chloride (2^) had to be prepared. 
One synthesis for the c is chloride 12 involved the i s o l a t i o n 
of trans-4-t-butylcyclohexanol (20) p r i o r to formation of 
the chloride 12 as shown in Scheme V. A much simplier pro-
rsjcu 
Scheme V 
t-Bu 
H 
19 
t-Bu 
H 
1) Li AlHjtj,, AlClp 
2)t-BuOH t-B 
3 )xs 19 
^ ) H 2S0 ^ , H 20 
CI 
H 
12 
H 
l )Ph~P, CCI,, 
H 
OH 
re f lux , 14 hr 
2)pentane 
workup 
cedure was used l a t e r in which a commercial mixture of stereo-
isomeric 4-t-butylcyclohexanols 20 and 21, was treated with 
triphenylphosphine and carbon te trachlor ide . Subsequently 
the reaction mixture was washed with concentrated su l fur ic 
acid to remove the by-product, 4-t-butylcyclohexene (22) 
(Scheme V I ) . 
In order to prepare trans -4 - t -butylcyclohexyl chloride 
(23) a commercial mixture of steroisomeric 4 - t -buty l cyc lo -
hexanols 20 and 21 was f i r s t converted into a mixture of i s o -
6 
Scheme VI 
t-Bu 
H 
20 
H 
OH 
t-Bu 
H 
t-Bu 
-O 
2  
rurv» 
l)conc H 2 S 0 ^ 
2)aq NaHCO^ J-Bu. 
3)aq NaCll H 
21 
ruru 
12 
OH 
H 
t-Bu 
Ph^P, CC1;| reflux, lk hr 
12 
ruru 
meric chlorides 12 and 2j) along with the corresponding olefin 
ruru ruru 
22. This mixture was then treated with base to dehydrohalo-
8 
genate selectively the axial chloride 12. The olefin 2  
ruru ruru 
was then removed by washing the mixture with concentrated 
sulfuric acid (Scheme V I I ) . 
Authentic samples of the hydrocarbons formed in the preparation of 4-*t-butylcyclohexylmagnesium chloride (1) were 
7 
Scheme V I I 
t -Bu 
S 0 2 C 1 2 , p y r i d i n e 
PhH 
t -Bu 
H 
12 
R U R V » 
C l 
H 
+ t - B u 
H 
23 
22 
H 
C l 
t - B u 
A * 
22 
R U R U 
t - B u 
R U 
KOH, EtOH 
r e f l u x , 48 h r 
+ t - B u 
H 
23 
l ) c o n c H^SOj^ 
2 ) a q NaHCO^ 
3 ) a q N a C l 
C l 
H 
H 
C l 
8 
o b t a i n e d . t - B u t y l c y c l o h e x a n e ( 2 4 ) was purchased from A l d r i c h 
C h e m i c a l Company, I n c . 4 - t - B u t y l c y c l o h e x e n e ( 2 2 ) was p r e p a r e d : 
a s shown i n Scheme V I I I and t h e i s o m e r s o f 4 , - t , - b u t y l c y c l o -
ru 
h e x y l - 4 - t - b u t y l c y c l o h e x a n e 2 ? , 28 , and 29 we re made as shown 
rv 
i n Scheme I X . 
rvrv ruru 
Scheme V I I I 
t - B u 
H 
20 
ruru 
H 
OH 
t -Bu 
H 
21 
ruru 
OH 
H 
i ) C H q S 0 p C : 
p y r i d i n e 
2 ) c o l l i d i n e 
t - B u 
Scheme I X 
t - B u - ^ ~ " ^ - C 0 2 H 
25 
HOAc t -Bu 
H 
26 
C 0 2 H 
H 
Scheme I X 
( c o n t . ) 
The i s o m e r i c V - t ' - b u t y l c y c l o h e x y l - ^ - j t - b u t y l c y c l o -
hexanes 27, 2 8 , and 29 w e r e s e p a r a t e d on g p l c w i t h a 13*5 f t .- ' 
s i l i c o n e QF^ column. The m a j o r i s o m e r o f the K o l b e r e a c t i o n 
was 2% whose s t e r e o c h e m i s t r y was a s s i g n e d by *H nmr a n a l y s i s . 
The two t - b u t y l peaks we re o b s e r v e d a t 6 0 .84 and O.83. The 
o t h e r two i s o m e r s 2j§ and 29 w e r e a l s o a n a l y z e d by *H nmr and 
e x h i b i t e d o n l y one t - b u t y l peak each a t 6 O.83 and 0 . 8 1 , 
10 
r e s p e c t i v e l y . U t l e y and c o - w o r k e r s 7 d i s t i n g u i s h e d b e t w e e n 
i s o m e r s 27 and 29 by h y d r o g e n a t i n g t r a n s - 1 - t - b u t y l - 4 - ( 4 - t -
b u t y l c y c l o h e x y l ) b e n z e n e wh ich y i e l d e d 27 and 29. Because t he 
ruru ruru 
s t a r t i n g m a t e r i a l c o n t a i n s a t r a n s - l i n k a g e ( e q u a t o r i a l ) i t 
f o l l o w s t h a t t he two d imer s fo rmed a r e t he a , e and e , e i s o m e r s . 
The a , a i s o m e r must t h e r e f o r e be t he o t h e r i s o m e r . T h e i r 
g p l c work was done w i t h a 2.5$ SE^q column. We c o r r e l a t e d 
the r e t e n t i o n t i m e s o f t h e s e isomers,27, 28 and 29.on a 
ruru' ruru ruro t 
2.5$ column w i t h the r e t e n t i o n t i m e s o f t h e s e m a t e r i a l s 
on a silicone QF^ column. 
The G r i g n a r d r e a g e n t 1 was i n i t i a l l y p r e p a r e d f rom 
ru 
_ c i s - 4 - t - b u t y l c y c l o h e x y l c h l o r i d e (Jjg) i n d i e t h y l e t h e r . Due 
t o the s p i n n i n g s i d e bands f o r the m e t h y l nmr s i g n a l o f d i ­
e t h y l e t h e r i t was i m p o s s i b l e t o d e t e r m i n e t h e s t e r e o i s o m e r i c 
c o m p o s i t i o n o f 1 i n t h i s s o l v e n t i An a l t e r n a t i v e s o l v e n t , 
ru 
THF, was t r i e d ; h o w e v e r , i n t h i s ca se b o t h s i g n a l s f o r t h e 
h y d r o g e n s on t he c a r b o n b e a r i n g the magnesium c o i n c i d e d . 
C o n s e q u e n t l y , a l t e r n a t i v e c h e m i c a l methods w e r e s o u g h t 
t o d e t e r m i n e the s t e r e o i s o m e r i c c o m p o s i t i o n o f 4 - J - b u t y l -
c y c l o h e x y l m a g n e s i u m c h l o r i d e ( 1 ) . As d i s c u s s e d a b o v e , c a r -
ru 
1 
b o n a t i o n had been used t o v e r i f y H nmr r e s u l t s on l i t h i u m 
and magnesium o r g a n o m e t a l l i e s . T h e r e f o r e , t h i s c h e m i c a l method 
was t r i e d f i r s t . The method o f a n a l y s i s was g l p c o f c i s - m e t h y l 
4 - t - b u t y l c y c l o h e x a n o a t e (3,2) and t r a n s - m e t h y l - 4 - t - b u t y l c y c l o -
ru 1X1 
h e x a n o a t e ( 1 4 ) , t he e s t e r s , r e s u l t i n g from e s t e r i f y i n g the 
ruru 
c a r b o n a t i o n p r o d u c t o f t h i s G r i g n a r d r e a g e n t 1 . The p r e p a r a -
11 
tions of the two e s t e r s ^ and lk are shown in Schemes X and 
X I . 
Scheme X 
t-Bu 
25 
H 9 > P t0 2 
HOAc 
t-Bu 
H 
26 
C0 2H 
H 
t-Bu 
H 
31 
H 
C0 2H 
several recrysta l l i za t ions 
from hexajie 
OR 
l)NH,,OW 
2)H^0 H 26 
C0 oH 
H 
CHpNp, EtpO 
t-Bu 
COoCHo 
1
 H 3 
32 
12 
Scheme XI 
t-Bu H 12 
CI H Mg, THF 
(cat.) BrCH2CH2Br t-Bu 
•MgCl 
1)C0 2)H30 
2
—"•t-Bu 
H 31 
H C02H CH2N2 Et20 •t-Bu H 14 
H C02CH3 
Ethereal solutions of diazomethane were prepared from either 
N^'-dimethyl-N/N'-dinitrosoterephthalamide Q^)*0 or nitroso-
11 
methylurethane (35) > as shown in Schemes XI and XIII. Scheme XI NO i 
7~S02 " N " C H 3 
NaOH, H?0 Et20 
33 
CH2N2 + CH3-^ -^S03" Na
 + 
34 
13 
S c h e m e X I I I 
N O > v N O 
C H 3 - N - C O - / V c O - N - C H 3 K 0 H ' H 2 ° 
35 
E t 0 C H 2 C H 2 0 C H 2 C H 2 0 H 
E t 2 0 
+ 
36 
4 - t - B u t y l c y c l o h e x y l m a g n e s i u m c h l o r i d e ( 1 ) w a s p r e p a r e d 
s e p a r a t e l y f r o m b o t h c i s - 4 - t - b u t y l c y c l o h e x y l c h l o r i d e (12) 
a n d t r a n s - 4 - t - b u t y l c y c l o h e x y l c h l o r i d e (2^) , c a r b o n a t e d , a n d 
e s t e r i f i e d w i t h e t h e r e a l s o l u t i o n s o f d i a z o m e t h a n e . B o t h 
s e t s o f r e a c t i o n s y i e l d e d i d e n t i c a l r a t i o s o f c i s - m e t h y l - 4 - t -
———- ru 
b u t y l c y c l o h e x a n o a t e (32) a n d t r a n s - m e t h y l - 4 - t - b u t y l c y c l o h e x a n 
ruru — — r u 
o a t e ( 1 4 ) (1:3) ( s e e T a b l e 1 ) . T h e s e r e s u l t s a r e i n d i s a g r e e 
/v/v 
T A B L E l a 
P e r c e n t y i e l d s o f c a r b o n a t i o n o f 
4 - t - b u t y l c y c l o h e x y l m a g n e s i u m c h l o r i d e ( ^ 1 ) e x p e r i m e n t s . 
c h l o r i d e $ 1 $26+ 3 1 $ 2 4 $22 $ 2 7 $ 2 8 $ 2 9 $32 $ 1 4 
ru ruru ruru /v/v ruru /vru ruru ruru ru/v ruru 
J j g ( c i s ) - - 89 83 13 3 2 0.3 1 21 61 
2 3 ( t r a n s ) 83 76 17 2 3 0.5 0.5 1 8 53 
a 
b a s e d o n m o l e s o f s t a r t i n g c h l o r i d e 
1 4 
1 2 
Scheme XVf 
V*u^~ H t - B u ^ / 
37 38 
f l c l e n t . A more f e a s i b l e I n s t r u m e n t a l t echn ique may be 
nmr s i n c e the deuter iums appear a t +5.98 and +5*42 ppm r e l a ­
te 
t l v e to C D C 1 - f o r 37 and 38, r e s p e c t i v e l y . 
runs rv(tf 
Not u n t i l r e c e n t l y h a s a d e t a i l e d u n d e r s t a n d i n g o f the 
a d d i t i o n o f c a r b o n y l compounds to G r i g n a r d r e a g e n t s begun t o 
merit w i th J e n s e n and Nakamaye who c la imed to o b t a i n o n l y 
t r a n s - 4 - t - b u t y i c y c l o h e x a n o i c a c i d (^1 ) upon c a r b o n a t i o n o f 
the 4 - t - b u t y l c y e l o h e x y l G r i g n a r d r e a g e n t . 
Another c h e m i c a l procedure t h a t was t r i e d , i n o r d e r to 
o b t a i n a s t e r e o l s o m e r i c compos i t ion of 4 - i : - b u t y l c y c l o h e x y l -
magnesium c h l o r i d e ( 1 ) wa.s to quench the G r i g n a r d reagent 1 
w i th deuter ium o x i d e . A t the p r e s e n t t ime an a c c u r a t e 
method to determine the amount o f deuter ium i n c o r p o r a t i o n i s 
n o t a v a i l a b l e . Based on the r e s u l t s o f D o d d r e l l , K i t c h i n e k , 
1 3 1 3 * Adcock, and Wiseman we f e l t t h a t C nmr had a p o s s i b i l i t y 
o f be ing f e a s i b l e to d i s t i n g u i s h c i s - 4 - t - b u t y l d e u t e r i o c y c l o ­
hexane (37 ) t r a n s - 4 - t - b u t y l d e u t e r i o c y c l o h e x a n e (38) ( s e e 
Scheme X I V ) . However, the r e s o l u t i o n ob ta ined was n o t s u f -
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emerge. D Jensen and Nakajnaye^ have allowed an equilibrium 
mixture of norbornylmagnesium bromides 7 and 8 to react with 
ru ru 
l ess than a stoichiometric amount of benzophenone and observed 
that the exo-norbornyImaginesium bromide (8) eliminated to the 
——— ru 
corresponding olef in ^ e endo-norbornylmagnesium 
bromide ( 7 ) was le f t intact (see Scheme X V ) . 
ru 
Scheme XV 
CCUH 
40 
ruru 
Simi lar ly San Fi l ippo and Nicole tti"1"^ have allowed 
norbornylmagnesium bromides £ and 8 to react with acetone and 
observed the formation of olef in 19 and endo-carbino1 4 1 . To 
ruru • 1 • ruru 
prove that olef in 22 w a s generated from exo-norbornylmagnesium 
16 
bromide ( 8 ) ; and t h a t encLo-norbornylmagnesium bromide ( 7 ) 
y i e l d s the c a r b i n o l 4 1 , t h e y a l l o w e d pure e n d o - n o r b o r n y l -
magnesium bromide ( £ ) t o r e a c t w i t h a c e t o n e . I n t h i s r e a c t i o n 
t h e y o n l y o b s e r v e d the e n d o - c a r b i n o l 41 w i t h no o l e f i n 39 
b e i n g d e t e c t e d ( s e e Scheme X V I ) . 
Scheme X V I 
MgBr 
7 8 
(59 s 41 e n d c c e x o ) 
39 
HO - C - CH. 
CH^ 
41 
1 ) a c e t o n e 
2)NHjjCl 
1 ) a c e t o n e 
2)aq NH^Cl 
The d e s t r u c t i o n o f exo-norborny lmagnes iu rn b romide ( 8 ) 
w i t h e i t h e r benzophenone o r a c e t o n e , v i a an e l i m i n a t i o n p r o c e s s 
r a t h e r than an a d d i t i v e p r o c e s s , i s c o n s i s t a n t w i t h the g e o m e t r y 
o f t he n o r b o r n j l sy s t em and t he c i s - e x o t y p e o f e l i m i n a t i o n 
1 7 
1 6 
A M g C l 
43a 
H 
S c h e m e X V I I 
4 2 a JMg 
H 
gci 
43b 
•D 
42b 
D 
M g C l 
H 
43c 
j0.5 e q u i v P h g C O 
44 
H 
M g C l 
4 3 d 
P h 2 C H ( 0 M g C l ) 
1% 
4 3 b + 4 3 d 
r v r v / v A J A J A J 
1 ) C 0 , 
2 ) H 3 0 
3 ) C H ? N 2 45 
D 
C 0 2 C H 3 
S a n F i l i p p o a n d N i c o l e t t i 1 ^ h a v e a l s o e x a m i n e d a b i c y c l i c 
s y s t e m w h e r e a 3 - e l i m i n a t i o n p r o c e s s i s i m p o s s i b l e . W h e n an 
r e a c t i o n s t h e s e s y s t e m s u n d e r g o " . M o r r i s o n a n d L a m b e r t h a v e 
s h o w n t h a t t h e c i s - e x o e l i m i n a t i o n p r o c e s s i s p r e s e n t i n t h e 
r e a c t i o n o f b e n z o p h e n o n e w i t h t h e G r i g n a r d r e a g e n t 4 ^ f r o m 
t h e e q u i l i b r i u m ( 55 *45 ) m i x t u r e o f 2 - e x o ^ c h l o r o - 3 - e x o -
d e u t e r i o n o r b o r n a n e ( 4 2 a ) a n d 2 - e x o - c h l o r o - 7 - s y n ^ d e u t e r i o n o r -
b o r n a n e ( ^ g j ) ) ( S c h e m e X V I I ) . 
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e q u i l i b r i u m m i x t u r e o f 3 t 3 - d i m e t h y l - 2 - n o r b o r n y l m a g n e s i u m 
b r o m i d e s 46 ( e n d o ) and 47 ( e x o ) w a s a l l o w e d t o r e a c t w i t h 
i n c r e a s i n g a m o u n t s o f b e n z o p h e n o n e , t h e r e w a s a d e c r e a s e i n 
t h e e n d o : e x o r a t i o . T h i s r a t i o w a s d e t e r m i n e d b y t h e a n a l ­
y s i s o f t h e m e t h y l a t e d p r o d u c t s 48 a n d 4g f o r m e d f r o m t h e 
G r i g n a r d r e a g e n t s 46 a n d 4£ ( s e e - S c h e m e X V I I I ) . When n o 
S c h e m e X V I I I 
46 + 47 
M g B r 
46 47 
1 ) M e L i 
— > 
2 ) [ ( n B u ) ] C u ( l ) B r 
3 ) P h N 0 2 
b e n z o p h e n o n e w a s a d d e d a 84:l6 r a t i o o f 48 t o 49 w a s o b s e r v e d . 
When 0 . 8 e q u i v a l e n t b e n z o p h e n o n e w a s a d d e d a 44:56 r a t i o o f 
48 t o 49 r e s u l t e d . F r o m t h e s e r e s u l t s S a n F i l i p p o a n d N i c o l e t t i 
h a v e s u g g e s t e d t h a t e l e c t r o n t r a n s f e r may a l s o p l a y a r o l e 
a n d t h a t a n e l i m i n a t i o n r e a c t i o n i n t h e r e a c t i o n o f n o r b o r n y l -
m a g n e s i u m b r o m i d e s £ a n d .8 w i t h b e n z o p h e n o n e o r w i t h a c e t o n e 
19 
MAY NOT BE A 3-HYDROGEN ELIMINATION PROCESS. 
BY LOOKING AT OUR MODEL, 4-T-BUTYLCYCLOHEXYLMAGNESIUM 
CHLORIDE (1)> WE HOPE TO GAIN MORE INSIGHT ABOUT THE REACTION 
OF CARBONYL COMPOUNDS WITH GRIGNARD REAGENTS. CAN BENZO­
PHENONE SELECTIVELY DESTROY ONE OF THE STEREOISOMER AND LEAVE 
THE OTHER ONE INTACT? WILL ACETONE CAUSE AN ELIMINATION 
REACTION WITH ONE OF THE STEREOISOMERS OF OUR GRIGNARD 
REAGENT 1 AND ALSO YIELD ONLY ONE CARBINOL? 
SO-FAR AUTHENTIC SAMPLE OF THE FOUR POSSIBLE CARBINOLS 
5°i 51» 52, AND 53 THAT COULD RESULT WHEN 4-T-BUTYCYCLOHEXYL-
ruru roro e\j{\> ruru ru 
MAGNESIUM CHLORIDE (1) ADDS TO EITHER ACETONE OR BENZOPHENONE 
HAVE BEEN PREPARED. THE PREPARATIONS OF THESE CARBINOLS ARE 
SHOWN IN SCHEMES XIX AND XX. 
SCHEME XIX 
C 0 2 C H 3 , C(0H)(CH~) 9 A 1 )MELI ^ 3 2 
t-BU ^ - C ^ H ^ ) H Y D R O L Y S I ^ - B U ^ C - - V H 
H H 
32 50 
ruru wru 
H H 
C 0
 2 C H 3 JL )MELI S ^ ^ - ^ C (OH) (CH^JG 
t-Bu^£~-^^^/ ' 2)HYDROLYSIS 
H 14 51 
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Scheme XX 
^=7 2)hydrolysis *t-Bu 
C ( 0 H ) ( P h ) 9 
t-Bu 
H 
32 
H 
^ C 0 o C 3;-Bu. 
H 
C ( 0 H ) ( P h ) 2 t-Bu 2)hydrolysis 
H 
14 
H 
53 
When acetone was added to a cold solution of Grignard 
reagent 1 only the carbinol 51 was obtained. 
This however is where the work stopped. It is my 
opinion that much work still remains to be undertaken along 
these lines. Possible endeavors that I feel would be of 
great help and interest aire enumerated below. 
1) Deuterium nmr should be examined to determine the 
stereoisomeric composition of 3£ and 3&. 
2) The reaction of adding "benzophenone to the Grignard 
reagent 1 needs to be done. An ESR spectrum of the reaction 
mixture should be able to show if an electron-transfer reac­
tion is going on. Also the yields of products after hydrolysis 
need to be measured and compared with the yields obtained from 
the carbonation experiments, 
3) Carbonation, after the addition of benzophenone to 
21 
Grignard reagent 1 should be done in order to determine it 
only the equatorial acid is formed. An also the addition 
of acetone to the reaction mixture of benzophenone and the 
Grignard reagent 1 needs to be done and see if a comparable 
amount of trans carbinol 51 forms. 
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CHAPTER I I 
EXPERIMENTAL 1 7 
P r e p a r a t i o n o f 
t r a n s-4 - t - b u t y l c y c l o h e x a n o l 
The r e d u c t i o n o f 77.8 g (500 mmol) o f 4 - £ - b u t y l c y c l o -
hexanone ( 1 9 ) w i t h L i A l H ^ and A l C l ^ i n EtgO s o l u t i o n as p r e -
v i o u s l y d e s c r i b e d ' y i e l d e d 71.4 g (91.4$) o f t r a n s-4 - t - b u t y l 
ru 
c y c l o h e x a n o l ( 2 0 ) as c o l o r l e s s n e e d l e s , mp 76 - 7 9 ° ( l i t . 7 
ruru 
mp 7 5 - 7 8 ° ) ; i r ( C C l ^ ) , 3610 and 3350 ( b road ) c m " 1 ( O H ) ; nmr 
( C C l ^ ) , 6 3-2-3.6 (1 H , i , 0CH) and 0 . 8 - 2 . 1 ( 1 9 H , m, a l i ­
p h a t i c CH and OH i n c l u d i n g a J-Bu s i n g l e t a t 0 . 8 3 ) . M i x t u r e s 
o f t r a n s-4 - t - b u t y l c y c l o h e x a n o I (^20) and c i s - 4 - t - b u t y l c y c l o -
h e x a n o l ( 2 1 ) w e r e a v a i l a b l e c o m m e r c i a l l y e i t h e r f rom A l d r i c h 
ruru 
C h e m i c a l Company, I n c . o r f rom Columbia O r g a n i c C h e m i c a l s 
C o . , I n c . These m i x t u r e s c o n t a i n e d ( g l p c , Carbowax 20M on 
Chromosorb P ) c a . 25$ o f t he c i s a l c o h o l 21 ( r e t . t i m e 21.4 
—
 1
 ruru 
m i n ) and c a . 75$ o f t he t r a n s a l c o h o l 20 (25.4 m i n ) . A c o l -
— ruru 
l e c t e d ( g l p c ) sample o f t he c i s a l c o h o l 2^ had t h e f o l l o w i n g 
- 1 
s p e c t r a l p r o p e r t i e s : i r ( C C l ^ ) , 3615, 3^80 , and 3360 cm 
( O H ) ; nmr ( C C l ^ ) , 6 3.9-4.1 (1 H, m, 0 C H ) , and 0 .8-2.0 (19 H , 
m, a l i p h a t i c CH and OH i n c l u d i n g a t - B u s i n g l e t a t O.83). 
M i x t u r e s o f the a l c o h o l s 20 and 21 c o u l d a l s o be a n a l y z e d by 
ruru ruru 
measur ing the r e l a t i v e a r e a s under m u l t i p l e t s a t 3»9-^«0 ( c i s 
23 
a l c o h o l 21 a n d 3.2-3.6 ( t r a n s a l c o h o l 20). 
CJCJ *———— 
P r e p a r a t i o n o f 
c i s - 4 - ^ - b u t y l c y c l o h e x y l c h l o r i d e ( £ £ ) 
A s o l u t i o n o f 30.11 g (193 m m o l ) o f a c o m m e r c i a l m i x ­
t u r e o f t r a n s - 4 - t - b u t y l c y c l o h e x a n o l ( 2 0 ) a n d c i s - 4 - t - b u t y l -
" ' • c*J r\Jf\J - f\j 
c y c l o h e x a n o l (21) ( c a . 75$ o f 20 a n d 2 5 % o f 21) a n d 60 . 4 1 g 
(230 m m o l ) o f P h ^ P ( f r e s h l y r e c r y s t a l l i z e d , d r i e d i n a v a c ­
uumed d e s i c c a t o r f o r 2 k h r w i t h P 2°5» m P 8 0 - 8 1 ° ) i n 500 m l 
o f C C l ^ ( d i s t i l l e d f r o m P2O5) w a s r e f l u x e d f o r 22 h r a n d t h e n 
c o o l e d a n d d i l u t e d w i t h 4 0 0 m l o f p e n t a n e t o p r e c i p i t a t e m o s t 
o f t h e P h ^ P O . T h e m i x t u r e w a s f i l t e r e d a n d t h e p e n t a n e s o l ­
u t i o n w a s w a s h e d s u c c e s s i v e l y w i t h c o n c e n t r a t e d H g S O ^ , w i t h 
H g O , w i t h a q u e o u s N a H C O ^ , a n d w i t h a q u e o u s N a C l . T h e o r g a n i c 
l a y e r w a s t h e n d r i e d and d i s t i l l e d . S i n c e t h e d i s t i l l a t e 
s t i l l c o n t a i n e d ( n m r a n a l y s i s ) some k-J-butylcyclohexene (22), 
i t w a s d i l u t e d w i t h 3 0 m l o f p e n t a n e a n d a g a i n w a s h e d s u c ­
c e s s i v e l y w i t h c o n c e n t r a t e d H g S O ^ ( t h r e e 20 m l p o r t i o n s ) a n d 
t h e n H g O , a q u e o u s N a H C O ^ , a n d a q u e o u s N a C l . T h e s o l u t i o n 
w a s d r i e d a n d d i s t i l l e d t o s e p a r a t e 23.27 g (69$) o f t h e p u r e 
( n m r a n d g l p c a n a l y s i s ) c i s c h l o r i d e X2* b P 65-68° (0.8 m m ) , 
n 2 5 g 1 . 4 6 6 / ( l i t . 1 8 b p 125.0° (49 m m ) , n 2 0 Q 1.4694); nmr 
( C C l ^ ) , 6 4.38 (1 H , m, C H C 1 ) a n d 0.8-2.3 ( 1 8 H , m, a l i p h a t i c 
CH i n c l u d i n g a t - B u s i n g l e t a t 0.85); m a s s s p e c t r u m , m / e 
( r e l . i n t e n s i t y ) , 139 (1), 138 (5) , 81 (20), 67 (22), 57 ( 1 0 0 ) , 
24 
56 (26), 43 (65), and 41 (30). 
When the same p r o c e d u r e was r e p e a t e d w i t h 3-12 g (20 
mmol) o f pure t r a n s-4 - i ^ - h u t y l c y c l o h e x a n o l (20), 6 . 82 g (26 
mmol) o f Ph^P, and 50 ml o f C C l ^ , t h e y i e l d o f the c i s c h l o r i d e 
12, bp 54-55° (1.5 mm), n 2 5 D 1.4670, was 3-22 g (92$). 
P r e p a r a t i o n o f 
t r a n s-4 - t - b u t y l c y c l o h e x y l c h l o r i d e (g^J) 
8 
A m o d i f i c a t i o n o f a p r e v i o u s l y d e s c r i b e d p r o c e d u r e was 
used t o o b t a i n t r a n s-4 - t - b u t y l c y c l o h e x y l c h l o r i d e (23). To 
a c o l d (0-5°) s o l u t i o n o f 33*0 g (211 mmol) o f a c o m m e r c i a l 
m i x t u r e o f t r a n s-4 - t - b u t y l c y c l o h e x a n o l (20) and c i s-4- t - b u t y l -
c y c l o h e x a n o l (21) and 1.47 g (18.6 mmol) o f p y r i d i n e i n 650 ml 
o f PhH ( d i s t i l l e d from L i A l H ^ ) was added , d r o p w i s e and w i t h 
s t i r r i n g d u r i n g 20 min , 56.99 (479 mmol) o f S 0 C 1 2 ( d i s t i l l e d 
f rom q u i n o l i n e ) . A f t e r the a d d i t i o n was c o m p l e t e , the s o l u ­
t i o n was warmed u n t i l g a s e v o l u t i o n c e a s e d (2.5 h r ) and t h e n 
r e f l u x e d f o r 40 h r . A f t e r t he m i x t u r e had been c o o l e d and 
pou red on to i c e , the PhH l a y e r was s e p a r a t e d and washed w i t h 
100 ml o f c o n c e n t r a t e d aqueous HgSO^ ( t o remove unchanged 
a l c o h o l s and o l e f i n ) . A f t e r t he r e s u l t i n g PhH l a y e r had been 
washed s u c c e s s i v e l y w i t h HgO, aqueous NaHCO^, and aqueous 
N a C l , i t was d r i e d , c o n c e n t r a t e d , and d i s t i l l e d t o s e p a r a t e 
2.85 g o f f o r e r u n , bp 50-60° (2.4 mm), c o n t a i n i n g (nmr a n a l y ­
s i s ) 81$ o f 4 - t - b u t y l c y c l o h e x e n e (22), and 19$ o f c i s - 4 - t -
2 5 
butyl eye lohexyl chloride (12) followed by 18.30 g of f ract ions , 
bp 6O-76 0 (2.4 mm), containing (nmr analys i s ) 11-48$ of the 
o le f in 22, 39-70$ of the c is chloride 12, and 13-20$ of the 
ruru • ruru 
trans chloride 2^. Although the mixture of chlorides was 
resolved on glpc ( s i l i cone QF^ on Chromosorb P ) , the chromato-
gram exhibited not only peaks corresponding to the c is 
chloride 12 ( r e t . time 15.4 min) and the trans chloride 2^ 
(18.2 min) but a lso peaks corresponding to the o l e f in 22 
(3.4 min) and an unidentif ied component (4.1 min) thought to 
be an Isomeric o l e f in . The o le f in ic components appeared to 
be formed during the glpc analys is; An 18.35 g sample of 
this mixture of o l e f in 22 and chlorides 12 and 23 was treated 
ruru ruru rtfru 
with a solution of 14.95 g (226 mmol) of KOH in 100 ml of 
EtOH and the resul t ing mixture was refluxed for 15 hr. A f t e r 
the reaction mixture had been part i t ioned between pentane and 
HgO, the organic l ayer was washed repeatedly with small por ­
tions of concentrated aqueous ^ S O ^ ( u n t i l a l l the o l e f in 
was removed), and then washed successively with HgO, with 
aqueous NaHGO^, and with aqueous NaCl. The organic layer was 
dried, concentrated, and d i s t i l l e d to separate 2.421 g (6.6$ 
based on the alcohols 20 and ,21) of the pure nmr analysis 
chloride 2 ] as a co lor less l i q u i d , bp 50-60° (1 .8 mm), 
n 2 5 D 1.4640 ( l i t . 1 9 n 2 0 D 1.4656); nmr ( C C l ^ ) , 6 3-72 (1 H, 
m, CHC1) and 0.8-2.4 (18 H, m, a l iphat ic CH including a ^-Bu 
s ing le t at 0.84); mass spectrum, m/e ( r e l . i n t e n s i t y ) , 
123 (10 ) , 81 (16 ) , 67 ( 1 3 ) , 57 (100) , 56 ( 8 0 ) , .55 (.17), 
26 
43 (12), 41 (39), and 39 (10). 
P r o p e r t i e s o f 
4 - t - b u t y l c y c l o h e x e n e ( g g ) and 
t - b u t y l c y c l o h e x a n e ( 2 4 ) 
To a c o l d ( - 4 6 ° ) s o l u t i o n o f 14.5 g (93 mmol) o f a m i x ­
t u r e o f a c o m m e r c i a l m i x t u r e o f t r a n s-4 - t - b u t y l c y c l o h e x a n o l 
(20) and c i s-4 - t - b u t y l c y c l o h e x a n o l (21) i n 60 ml o f p y r i d i n e 
( d i s t i l l e d from C a H 2 . bp 1 1 4 ° ) was added , d r o p w i s e and w i t h 
s t i r r i n g , 19.8 g (158 mmol) o f MeSOgCl . The r e s u l t i n g m i x ­
t u r e was a l l o w e d t o warm t o 25° w i t h s t i r r i n g d u r i n g 2 h r 
and then a l l o w e d t o s t and o v e r n i g h t . A f t e r the r e s u l t i n g 
s o l u t i o n had been c o o l e d i n an i c e b a t h , 15 ml o f ^ 0 was 
added and the r e s u l t i n g m i x t u r e was pou red i n t o 300 ml o f 
H^O. The crude brown s o l i d m e s y l a t e was f i l t e r e d , washed 
w i t h H 20, and a l l o w e d t o d r y . A s o l u t i o n o f t h i s c rude 
m e s y l a t e i n 60 ml o f c o l l i d i n e [ d i s t i l l e d from K0H, bp 
58-58.5° (12 mm)] was r e f l u x e d f o r 3 h r and then c o o l e d , 
pou red i n t o a m i x t u r e o f i c e and aqueous HC1, and e x t r a c t e d 
w i t h p e n t a n e . A f t e r the pen tane e x t r a c t had been d r i e d and 
c o n c e n t r a t e d , d i s t i l l a t i o n s e p a r a t e d 9 . 82 g (76.4$) o f 
4 - t - b u t y l c y c l o h e x e n e (22) a s a c o l o r l e s s l i q u i d , bp 54-55° 
(12 mm), n 2 5 D 1.4572 ( l i t . n 2 0 D 1.4587, 1 9 1.4583 2 0); i r 
( C C l ^ ) , 1655 c m " 1 ( C = C ) ; nmr ( C C l ^ ) , 6 5.5-5-7 (2 H, m, 
v i n y l CH) and 0.8-2.4 (16 H , m, a l i p h a t i c CH i n c l u d i n g a t - B u 
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s i n g l e t a t 0 . 8 5 ) ; mass spec t rum, m/e ( r e l . i n t e n s i t y ) , 1 3 8 
( M + , 1 0 ) , 82 ( 2 6 ) , 81 ( 2 4 ) , 8 0 ( 2 4 ) , 6 9 ( 2 7 ) , 6 7 ( 3 5 ) . 
5 7 ( 1 0 0 ) , and 41 ( 3 2 ) . 
A c o m m e r c i a l sample ( A l d r i c h C h e m i c a l Company, I n c . ) , 
o f t - b u t y l c y c l o h e x a n e ( 2 4 ) e x h i b i t e d the f o l l o w i n g s p e c t r a l 
p r o p e r t i e s : H nmr ( C C l ^ ) , 6 0 . 8 - 2 . 0 (m, a l i p h a t i c CH 
1 Q 
i n c l u d i n g a t -Bu s i n g l e t a t 0 . 8 2 ) ; JC nmr ( C D C l ^ ) , 4 8 . 3 , 
3 2 . 6 , 2 7 . 6 ( 2 C a t o m s ) , 2 7 . 4 ( 4 C a t o m s ) , 2 7 . 2 ( 2 C a t o m s ) , 
and 2 6 . 8 ppm. 
GLPC r e s p o n s e f a c t o r s were d e t e r m i n e d (Carbowax 20M on 
Chromosorb P ) f o r m i x t u r e s o f 4 - J - b u t y l c y c l o h e x e n e (&&) and 
t - b u t y l c y c l o h e x a n e ( 2 4 ) w i t h two d i f f e r e n t i n t e r n a l s t a n d a r d s . 
RU RURU 
W i t h durene as a s t a n d a r d t he r e t e n t i o n t i m e s w e r e : 24 , 7 » 6 
RURU 
min; 2 2 , 1 0 . 9 min ; and d u r e n e , 4 5 . 2 m in . W i t h s e c - b u t y l b e n -
RURU 
zene a s the s t a n d a r d the r e t e n t i o n t i m e s w e r e : 24 , 7 . 2 m in ; 
RURU 
2 2 , 1 0 . 6 min ; sec -BuPh , I 9 . 6 m i n . 
RURU 
P r e p a r a t i o n o f 
c i s - 4 - J - b u t y l c y c l o h e x a n o i c a c i d 
A c o m m e r c i a l sample o f 4 - t - b u t y l b e n z o i c a c i d ( I 2 £ ) was 
r e c r y s t a l l i z e d f rom EtOH t o s e p a r a t e the pure a r o m a t i c a c i d 
2 5 , mp I 6 9 - I 6 9 . 5 ° ( l i t . 2 1 mp I 6 6 - I 6 7 0 ) ; nmr ( C C 1 , L ) , 6 1 2 . 1 
RURU *R 
( 1 H , s , O H ) , 8 . 0 ( 2 H , d, J = 9 H z , a r y l C H ) , 7 - 4 2 ( 2 H , d , 
J = 7 H z , a r y l C H ) , and I . 3 6 ( 9 H , s , t - B u ) ; uv max ( 9 5 $ E t O H ) , 
2 3 5 . 5 nm ( € 1 6 , 0 0 0 ) . A s o l u t i o n o f 3 2 . 7 3 g ( 1 8 4 mmol) o f 
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the a r o m a t i c a c i d 2 £ i n 2 5 0 ml HOAc was h y d r o g e n a t e d a t 2 5 ° 
and 4 0 - 5 0 p . s . i . H 2 p r e s s u r e o v e r the c a t a l y s t from 2 . 0 6 8 g 
o f P t 0 2 f o r 48 h r a t wh ich t ime O . 5 6 mol ( 1 . 0 e q u i v ) o f H 2 
had been consumed. The m i x t u r e was f i l t e r e d and the f i l t r a t e 
was c o n c e n t r a t e d t o l e a v e 3 ^ * 9 2 g o f c rude p r o d u c t as a w h i t e 
s o l i d t h a t c o n t a i n e d (nmr a n a l y s i s ) none o f the s t a r t i n g 
a r o m a t i c a c i d 2 5 . A p o r t i o n o f the c rude p r o d u c t was r e -
ruru 
c r y s t a l l i z e d r e p e a t e d l y f rom hexane t o s e p a r a t e a sample o f 
c i s - 4 - t - b u t y l c y c l o h e x a n o i c a c i d { 2 6 ) as c o l o r l e s s p r i s m s , 
mp 1 1 7 - 1 1 8 ° ( l i t . mp 1 1 7 - 1 1 8 ° , 2 2 1 1 7 - 5 - 1 1 8 . 5 ° 2 1 ) J i r ( C C l ^ ) , 
2 9 5 0 ( b r o a d , a s s o c . OH) and 1 7 0 3 cm ( c a r b o x y l C = 0 ) ; nmr 
( C C l ^ ) , 6 11 .8 ( 1 H, b r o a d , O H ) , and 0 . 8 - 2 . 8 ( 1 9 H , m, 
a l i p h a t i c CH i n c l u d i n g a t -Bu s i n g l e t a t 0 . 8 4 ) ; mass spec t rum, 
m/e ( r e l i n t e n s i t y ) , 1 2 9 ( 3 3 ) , 81 ( 2 2 ) , 5 7 ( 1 0 0 ) , 5 6 ( 4 2 ) , 
and 41 ( 2 8 ) . 
2 2 
I n an a l t e r n a t i v e p u r i f i c a t i o n p r o c e d u r e , 1 . 1 7 8 g o f 
a m i x t u r e o f c i s - 4 - t - b u t y l c y c l o h e x a n o i c a c i d and t r a n s -
4 - t - b u t y l c y c l o h e x a n o i c a c i d ( ^ 1 ) was d i s s o l v e d "in 3 0 ml o f 
b o i l i n g aqueous 3?° NH^ and then c o o l e d . The l e s s s o l u b l e 
NHjij* s a l t o f c i s - 4 - f c - b u t y l c y c l o h e x a n o i c a c i d ( 2 6 ) t h a t c r y s ­
t a l l i z e d was c o l l e c t e d i n s e v e r a l f r a c t i o n s . T h i s s a l t was 
a c i d i f i e d w i t h aqueous HCl and the i n s o l u b l e a c i d 2 6 was 
ruru 
f i l t e r e d and r e c r y s t a l l i z e d f rom hexane t o s e p a r a t e 3 6 5 mg 
o f t he pure a c i d 2 6 , mp 1 1 7 - 1 1 8 ° . 
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Preparation of the isomers of 
4,-t,-'butylcyclohexyl.-4-t-'butylcyclohexane 2%, 28, 
9 
Following a previously described^ procedure, a solution 
of cis-4-t-butylcyclohexanoic acid (26) and its Na salt was 
prepared by the addition of 4.138 g (22.5 mmol) of cis acid 
26 to a solution of NaOMe (from 113 mg or 4.7 mg-atom of Na, 
0.21 equiv) in 45 ml of anhydrous MeOH. This solution was 
placed in an electrolysis cell fitted with two 2 cm x 2 cm 
Pt plates as electrodes a.nd with a magnetic stirrer and a 
reflux condenser. The quantity of electricity passed through 
the cell was monitored with a strip-chart recorder attached 
to the end of a 1 ohm precision resistor placed in series with 
the cell current and the potential across the electrodes 
was monitored with a high-impedance voltmeter. The potential 
across the electrodes was maintained at approximately 7 volts 
which gave a cell current in the range O.56-O.6O amp and 
maintained the stirred solution at gentle reflux. After a 
reaction time of 120 min (at which time 4032 coulombs or 1.86 
equiv. of electricity had been passed through the cell), the 
electrolysis was stopped and the resulting yellow solution 
was partitioned between EtgO and aqueous NaCl. The aqueous 
layer was separated, acidified, and extracted with ether to 
separate 533 mg (13$ recovery) of the unchanged cis acid 26. 
The organic layer was washed successively with aqueous NaHCO^, 
and with H 90 and then dried, concentrated, and distilled to 
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s e p a r a t e 16 . 19 g o f l o w b o i l i n g m a t e r i a l s ( i n c l u d i n g r e s i d u a l 
MeOH), bp 35-72°, and l e f t 1 .652 g o f h i g h b o i l i n g r e s i d u e . 
W e i g h e d a l i q u o t s o f t h e s e f r a c t i o n s were m i x e d w i t h known 
amounts o f i n t e r n a l s t a n d a r d s ( e i t h e r s e c - b u t y l b e n z e n e o r 
n - C ^ H , ^ ) f ° r g l p c a n a l y s i s (Carbowax 20M on Chromosorb P , 
a p p a r a t u s c a l i b r a t e d w i t h known m i x t u r e s ) . W i t h a column 
t e m p e r a t u r e o f 105° the r e t e n t i o n t i m e s w e r e : ^ - b u t y l c y c l o -
hexane ( 2 4 ) , 6 . 0 m in ; 4 - t - b u t y l c y c l o h e x e n e (&2), 9-2 m i n ; 
s e c - b u t y l b e n z e n e , 1 7 .6 m in ; a t 1 4 5 ° the r e t e n t i o n t i m e s w e r e : 
4 - t - b u t y l m e t h o x y l h e x a n e (30) ( b o t h s t e r e o i s o m e r s ) , 1 1 . 0 m i n ; 
n - C ^ H , ^ , 16.4 m in . A c o l l e c t e d ( g l p c ) sample o f the com­
ponen t b e l i e v e d t o be e t h e r s 2ft ( m i x t u r e o f s t e r e o i s o m e r s ) 
e x h i b i t e d no i r a b s o r p t i o n ( C C l ^ ) a t t r i b u t a b l e t o OH o r C=0 
f u n c t i o n s w i t h the f o l l o w i n g nmr peaks ( C C l ^ ) : 6 3»50 ( s , 
OCH^ o f one s t e r o i s o m e r ) , 3»23 ( s , OCH^ o f second s t e r e o i s o ­
m e r ) , and 0 . 8 - 2 . 2 (m, a l i p h a t i c CH i n c l u d i n g a t -Bu s i n g l e t 
a t 0 . 8 4 ) . These e t h e r s JJ0 were a l s o o b s e r v e d i n the p r e v i o u s l y 
d e s c r i b e d 9 K o l b e r e a c t i o n , w i t h the s a l t s o f c i s_-4 - t - b u t y l -
c y c l o h e x a n o i c a c i d ( 2 6 ) and t r a n s-4 - t - b u t y l c y c l o h e x a n o i c a c i d 
ruru — ru 
(31)» The c a l c u l a t e d ( g l p c a n a l y s i s ) y i e l d s o f t h e s e l o w e r 
ruru 
b o i l i n g components w e r e : h y d r o c a r b o n 24 , 12$ ; o l e f i n 2 2 , 
23$; e t h e r s30» 5$» A w e i g h e d a l i q u o t o f t h e h i g h e r b o i l i n g 
ruru 
p r o d u c t s was a l s o m i x e d w i t h a known amount o f ^"^8^38 A S 
an i n t e r n a l s t a n d a r d f o r g l p c a n a l y s i s ( s i l i c o n e S E ^ Q on 
Chromosorb P , a p p a r a t u s c a l i b r a t e d w i t h known m i x t u r e s ) . A t 
225° the r e t e n t i o n t i m e s were 1 1 . 1 min f o r n - C ^ g H ^ g , 20.2 
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MIN FOR ISOMERIC 4'-T ,-BUTYLCYCLOHEXYL-4--K-BUTYLCYCLOHEXANES 
27 AND 28 (NOT RESOLVED), AND 23.6 MIN FOR THE OTHER ISOMER OF 
V-K'-BUTYLCYCLOHEXYL^-T-BUTYLCYCLOHEXANE 29; THE CALCULATED 
YIELDS (GLPC ANALYSIS) WERE 42$ OF THE MIXTURE OF HYDROCARBONS 
9 
2 £ AND 28, AND 4$ OF HYDROCARBON 2£. IN AN EARLIER STUDY, 
EMPLOYING A COMPARABLE GLPC COLUMN WITH SILICONE SE^Q ON AN 
AN INERT SUPPORT, THE MAJOR PRODUCTS, ISOMERS 2£ AND 28, WERE 
ELUTED MORE RAPIDLY AND WERE ONLY PARTIALLY RESOLVED AND THE 
MINOR PRODUCT, ISOMER 29, WAS ELUTED MORE SLOWLY. 
By use of A different GLPC column (silicone QF^ ON 
CHROMOSORB ALL THREE OF THE ISOMERIC HYDROCARBONS COULD BE 
RESOLVED; THE RETENTION TIMES WERE: H-C^QH^Q, 26.6 MIN; 
27, 62.0 MIN; 28, 65.6 MIN; AND 29, 74.4 MIN. THE COMPOSITION 
(GLPC) OF THE MIXTURE WAS 74$ OF 27, 13$ OF 28, AND 13$ OF 
29. SAMPLES OF EACH OF THE THREE HYDROCARBONS WERE COLLECTED 
(GLPC) FOR SPECTRAL ANALYSES; EACH ISOMER CRYSTALLIZED AS 
COLORLESS PRISMS AS IT WAS COLLECTED. THE HYDROCARBON ELUTED 
FIRST, ISOMER 27 WAS A SOLID, MP 125-125-5°- RECRYSTALLIZA" 
TION FROM HEXANE AFFORDED THE HYDROCARBON 27 AS COLORLESS 
NEEDLES, MP 124-125°; MASS SPECTRUM, M/E (REL. INTENSITY), 
278 (M +,< 1), 165 (16), 164 (14), 97 (12), 83 (29), 82 (18), 
81 (14), 69 (18), 67 (12), 58 (52), 57 (100), 56 (30), 55 (18), 
AND 41 (25); NMR (CDCL^, 100 MHZ), 6 0.7-2.2 (M, ALIPHATIC 
CH INCLUDING TWO T-BU SINGLETS AT 0.83 AND 0.84). THE HYDRO-
CARBON ELUTED SECOND, ISOMER 28, WAS ALSO OBTAINED AS a 
SOLID, MP 155-156 0. RECRYSTALLIZATION FROM HEXANE AFFORDED 
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t he h y d r o c a r b o n 28 as c o l o r l e s s n e e d l e s , mp 1 5 4 - 1 5 5 ° , mass 
ruru 
spec t rum, m/e ( r e l . i n t e n s i t y ) , 278 (M +, < 1 ) , 165 ( 1 4 ) , 
164 ( 1 2 ) , 97 ( 1 4 ) , 95 ( 1 2 ) , 83 (30), 82 ( 1 7 ) , 81 (17) 
69 ( 2 0 ) , 67 ( 1 4 ) , 57 ( 1 0 0 ) , 56 (3D, 55 ( 2 2 ) , 43 ( 1 2 ) , and 
41 (29)f nmr ( C D C l ^ , 100 m H z ) , 6 0 . 7 - 2 . 2 (m, a l i p h a t i c CH 
i n c l u d i n g one t - B u s i n g l e t a t O.83). The h y d r o c a r b o n e l u t e d 
l a s t , i s o m e r 2 ^ , was a s o l i d mp 1 9 0 - 1 9 0 . 5 ° - R e c r y s t a l l i z a t i o n 
f rom hexane s e p a r a t e d t he h y d r o c a r b o n g$ a s c o l o r l e s s n e e d l e s , 
mp 1 9 4 - 1 9 5 . 5 ° ; mass spec t rum m/e ( r e l . i n t e n s i t y ) , 278 ( M + , 
< ! ) , . I65 (13), 164 (12), 97 ( I D , 83 (29), 82 ( 1 8 ) , 81 ( 1 4 ) , 
69 ( 1 8 ) , 67 ( 1 3 ) , 57 ( 1 0 0 ) , 56 ( 3 1 ) , 55 ( 1 8 ) , and 41 ( 2 5 ) ; 
nmr ( C D C l ^ , 100 m H z ) , 6.0.7-2.2 (m, a l i p h a t i c CH i n c l u d i n g 
one tj-Bu s i n g l e t a t 0 . 8 1 ) . 
P r e p a r a t i o n s o f 
e t h e r e a l s o l u t i o n s o f d i azome thane 
E t h e r e a l s o l u t i o n s o f d i azome thane w e r e p r e p a r e d by 
d i s t i l l i n g a m i x t u r e o f d i azome thane and d i e t h y l e t h e r f rom 
N ^ ' - d i m e t h y l - N ^ ' - d i n i t r o s o t e r e p h t h a l a m i d e (2,2,), NaOH, and 
H 2 0 1 0 o r f rom a m i x t u r e o f n i t r o s o m e t h y l u r e t h a n e (3^ ,), K0H, 
H 2 0 , and EtOCHgCHgOCHgCHgOH. 1 1 The c o n c e n t r a t i o n o f C H 2 N 2 
i n t h e s e s o l u t i o n s was d e t e r m i n e d w i t h a S p e c t r o n i c 20 
s p e c t r o p h o t o m e t e r by m e a s u r i n g the abso rbance a t 410 nm and 
u t i l i z i n g t h e v a l u e , max ( E t g O ) , 410 ( € 7 - 2 ) . The c o n c e n ­
t r a t i o n o f C H 2 N 2 was i n t h e r a n g e O.O99 -O.I39 M . 
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P r e p a r a t i o n o f 
c i s - m e t h y l - 4 - ^ - b u t y l e y e l o h e x a n o a t e (1 6) 
A s o l u t i o n o f 8 .104 g ( 4 4 . 0 mmol) o f e i s - 4 - t - b u t y l c y c l o -
h e x a n o i c a c i d (26) i n 50 ml o f me thano l was t r e a t e d w i t h 
R
 330 ml o f an e t h e r e a l s o l u t i o n c o n t a i n i n g 45 . 8 mmol o f d i a z o -
methane and the r e s u l t i n g s o l u t i o n was a l l o w e d t o s t and o v e r ­
n i g h t . A f t e r the r e a c t i o n s o l u t i o n had been c o n c e n t r a t e d , 
d i s t i l l a t i o n s e p a r a t e d 8.023 g (92$) o f the pure (nmr and 
g l p c a n a l y s i s ) c i s - m e t h y l - 4 - t - b u t y l c y c l o h e x a n o a t e (32) a s 
c o l o r l e s s l i q u i d , bp 108° (9mm), t h a t c r y s t a l l i z e d oh 
s t a n d i n g as c o l o r l e s s p r i s m s , mp 27-27.5° ( l i t . : bp 54-56° 
(0.5 m m ) , 2 3 bp 102-103° ( 9 m m ) , 2 Z f mp 26 . 1-26 . 7° 2 ^ ) ; i r 
( C C l ^ ) , 1740 c m " 1 ( e s t e r C = 0 ) ; nmr ( C C l j ^ ) , 6 3.65 (3 H , s , 
0 C H o ) and 0 . 8 - 2 . 9 (19 H, m, a l i p h a t i c CH i n c l u d i n g a t - B u 
s i n g l e t a t 0 . 8 2 ) ; mass spec t rum, m/e ( r e l . i n t e n s i t y ) 
141 (50), 140 (76), 87 (26), 81 (63), 67 (25), 57 ( 1 0 0 ) , 
56 (34), 55 (26), and 141 (49). 
P r e p a r a t i o n o f 
t r a n s - 4 - t - b u t y l c y c l o h e x a n o i c a c i d (Xk) 
A s o l u t i o n o f 28.47 g (I63 mmol) o f c i s - 4 - t - b u t y l c y c l o -
h e x y l c h l o r i d e ( 1 2 ) i n 100 ml o f THF was added t o 4.25 g 
(175 mg-a tom) o f Mg and the r e s u l t i n g m i x t u r e was h e a t e d t o 
r e f l u x ; 1.1 g (5.8 mmol) o f BrCHgCHgBr was a d d e d , and t h e 
m i x t u r e was r e f l u x e d w i t h s t i r r i n g f o r 2.5 h r . The r e s u l t i n g 
34 
mixture was coo l ed and the s o l u t i o n o f 4 - t - b u t y l e y c l o h e x y l -
I V 
magnesium c h l o r i d e (1) ( t o t a l volume 120 ml) was s iphoned from 
the excess unchanged Mg. T i t r a t i o n of t h i s s o l u t i o n employing 
a s tandard s o l u t i o n of 2 -butanol i n xylene, w i t h 2,2 -b ipyr idyl 
26 
as an i n d i c a t o r and t i t r a t i o n of a hydro lyzed sample w i t h 
s tandard aqueous HC1 i n d i c a t e d the c o n c e n t r a t i o n of G r i g n a r d 
r e a g e n t and t o t a l base i n the s o l u t i o n were 1.040 M and 
1.045 M, r e s p e c t i v e l y . Thus, the t o t a l y i e l d of the G r i g n a r d 
r e a g e n t was 76$. A 100-m.l (104 mmol) sample of the G r i g n a r d 
reagent solution was added slowly to 200 g of crushed solid 
C 0 2 and the mixture was a l l o w e d to stand f o r 12 h r . The 
r e s u l t i n g mixture was a c i d i f i e d w i t h 75 ml o f aqueous 4 M 
HC1. A f t e r the aqueous l a y e r had been s a t u r a t e d w i t h N a C l , 
the organ ic l a y e r was s e p a r a t e d and the aqueous phase was 
e x t r a c t e d w i t h Et20 . The combined organ ic l a y e r s were d r i e d 
and concentra ted , and then the l o w e r b o i l i n g components 
(3.12 g ) were removed by d i s t i l l a t i o n a t 25-60° (4 mm). The 
r e s i d u a l s o l i d from t h i s d i s t i l l a t i o n was r e c r y s t a l l i z e d from 
hexane to s e p a r a t e 12.52 g (65.3$) o f t r a n s-4- t - b u t y l c y c l o -
*•—"—•—"'— t>j 
o 8 
hexanoic a c i d (%L) a s . c o l o r l e s s p r i s m s , mp I76-I76.5 ( l i t . 
mp 174.5-175°)? i r ( C C l ^ ) , 2950 ( b r o a d , O H ) , and 1708 cm" 1 
( c a r b o x y l C=0); nmr ( C C l ^ ) , 6 12.05 (1 H, s , OH) and 0.8-2.3 
(19 H, m, a l i p h a t i c CH i n c l u d i n g a t -Bu s i n g l e t a t 0 . 8 5 ) ; 
mass spectrum, m/e ( r e l . i n t e n s i t y ) , - 129 (85), 128 (25), 
127 (56), 123 (27), 109 (24), 81 (70), 67 (3D, 57 (96), 
56 (47), 55 (3D; 43 (25), 41 (100), and 39 (20). 
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P r e p a r a t i o n o f 
t r a n s - m e t h y l-4- t - b u t y l c y c l o h e x a n o a t e ( 1 4 ) 
— ^ • ru ru 
A s o l u t i o n o f 1 1 . 8 5 g (64.3 mmol) o f t r a n s_4 - t - b u t y l -
/ V I 
c y c l o h e x a n o i c a c i d ( 3 D i n 5° ml o f me thano l was t r e a t e d 
(V I (V I 
w i t h 690 ml o f an e t h e r e a l s o l u t i o n c o n t a i n i n g 64.4 mmol o f 
d i azomethane and t he r e s u l t i n g m i x t u r e was a l l o w e d t o s t and 
o v e r n i g h t . The r e a c t i o n m i x t u r e was c o n c e n t r a t e d and d i s t i l l e d 
t o s e p a r a t e 11 .88 g (93$) o f (nmr and g l p c a n a l y s e s ) t r a n s -
m e t h y l - 4 - t - b u t y l c y c l o h e x a n o a t e (,14) as a c o l o r l e s s l i q u i d , 
bp 108° (9 mm), n 2 5 D 1.4532 ( l i t . : bp 65-66° ( 0 . 8 m m ) 2 7 
106-107° ( 1 0 m m ) , 2 4 n 2 0 D 1.4540, 2 7 1.4547 2 4); i r ( C C l ^ ) , 
1740 cm" 1 ( e s t e r C = 0 ) ; nmr ( C C l ^ ) , 6 3.6O (3 H , s , OCH^) and 
0 .8 -2.5 ( 1 9 H, m, a l i p h a t i c CH i n c l u d i n g a t -Bu s i n g l e t a t 
0 . 8 7 ) ; mass spec t rum, m/e ( r e l . i n t e n s i t y ) , I98 ( M + , 1 ) , 
143 ( 8 8 ) , 142 ( 4 2 ) , 141 (78), 123 (27), 81 (69), 67 (33). 
57 ( 1 0 0 ) , 56 ( 4 2 ) , 55 (33). ^1 (55), and 39 (33 K 
S e p a r a t i o n o f 
c i s - m e t h y l-4 - t - b u t y l c y c l o h e x a n o a t e ( 1 4 ) and 
tranjs-me t h y l-4- t - b u t y l c y c l o h e x a n o a t e (^2) 
M i x t u r e s o f c i s - m e t h y l-4- t - b u t y l c y c l o h e x a n o a t e ( 1 4 ) and 
t r a n s - m e t h y l-4- t - b u t y l c y c l o h e x a n o a t e ( ^ 2 ) c o u l d be a n a l y z e d 
b y two m e t h o d s . The t r a n s 14 e s t e r has a h i g h e r f i e l d nmr 
s i g n a l f o r the 0CH~ g r o u p (63.60) and a l o w e r f i e l d t -Bu 
s i g n a l (60.87) than the c o r r e s p o n d i n g v a l u e s (63.65 and 0 . 8 2 ) 
36 
) 
\ 
f o r the c i s e s t e r 32. E m p l o y i n g durene a s an i n t e r n a l s t a n d a r d 
f o r g l p c a n a l y s i s (Carbowax 20M on Chromosorb P , a p p a r a t u s 
c a l i b r a t e d w i t h known m i x t u r e s ) , t he r e t e n t i o n t i m e s o f t he 
v a r i o u s components w e r e : d u r e n e , 1 0 . 2 min ; c i s e s t e r ^ 2 , 
2 4 . 2 min ; and t r a n s e s t e r 14 , 32 . 0 min . 
R e a c t i o n o f 
4 - t - b u t y l c y c l o h e x y l m a g n e s i u m c h l o r i d e (X) 
CO 
w i t h C 0 2 and DgO. 
A . From c i s 4 - t - b u t y l c y c l o h e x y l c h l o r i d e (12). 
4 - t - B u t y l c y c l o h e x y l m a g n e s i u m c h l o r i d e ( 1 ) was p r e p a r e d by t h e 
a d d i t i o n o f a s o l u t i o n o f c i s 4 - t - b u t y l c y c l o h e x y l c h l o r i d e 
( 1 2 ) i n e i t h e r E t Q 0 o r THF t o e x c e s s p r e d r i e d Mg t u r n i n g s 
( f r o m t r i p l y sub l imed M g ) . The r e s u l t i n g m i x t u r e was h e a t e d 
t o r e f l u x , a p o r t i o n o f B rCH 2 CH 2 Br was added t o i n i t i a t e r e ­
a c t i o n , and the m i x t u r e was r e f l u x e d f o r the t ime s p e c i f i e d . 
The r e s u l t i n g m i x t u r e was c o o l e d and the s u p e r n a t a n t l i q u i d 
was s i p h o n e d i n t o a second f l a s k f o r u s e . A l i q u o t s o f t h e 
s o l u t i o n were t i t r a t e d b o t h w i t h a s t a n d a r d s o l u t i o n o f s e c -
' 26 
b u t a n o l e m p l o y i n g 2 , 2 - b i p y r i d y l as an i n d i c a t o r and w i t h 
s t a n d a r d aqueous HC1 e m p l o y i n g p h e n o l p h t h a l e i n as an i n d i c a t o r . 
The G r i g n a r d r e a g e n t s o b t a i n e d u s i n g t r i p l y s u b l i m e d Mg w e r e 
c o l o r l e s s s o l u t i o n s whe reas the r e a g e n t s o b t a i n e d w i t h o r d i n ­
a r y Mg t u r n i n g s w e r e brown c o l o r e d s o l u t i o n s . I n E t 2 0 s o l u ­
t i o n t y p i c a l p r e p a r a t i o n s g a v e s o l u t i o n s c o n t a i n i n g 0 . 8 7 - 1 . 0 2 M 
3 7 
G r i g n a r d r e a g e n t 1 ( y i e l d s 8 5 - 9 7 $ based on the s t a r t i n g 
c h l o r i d e ) and 0.18 M or l e s s r e s i d u a l b a s e . I n THF s o l u t i o n , 
t y p i c a l p r e p a r a t i o n s gave s o l u t i o n s c o n t a i n i n g 0 . 1 4 - 1 . 0 4 M 
G r i g n a r d r e a g e n t 1 ( y i e l d s 8 6 - 9 4 $ based on the s t a r t i n g 
c h l o r i d e ) and 0 . 0 6 M or l e s s r e s i d u a l b a s e . 
A s o l u t i o n o f 4 - t -butycyc lohexy lmagnes ium c h l o r i d e 1 
( 0 . 1 8 5 M, 8 9 $ y i e l d / r e s i d u a l base 0.010 M) was p r e p a r e d from 
8 8 7 mg ( 3 6 . 5 mg-atom) o f Mg, 1 . 7 2 6 g ( 9 . 8 8 mmol) of c i s - 4 - t -
b u t y l c y c l o h e x y l c h l o r i d e ( 1 2 ) , 4 3 6 mg ( 2 . 3 mmol) o f 
B r C H 2 C H 2 B r , and 5 0 ml o f THF w i t h a r e f l u x p e r i o d o f 3 . 5 h r . 
A 2 3 . 0 - m l a l i q u o t of the G r i g n a r d r e a g e n t 1 ( 4 . 2 6 mmol of 1 ) 
was d i l u t e d w i t h 10 ml of THF and coo led to 5 ° - A stream o f 
anhydrous C 0 2 was passed through t h i s s o l u t i o n , w i t h c o n t i n u ­
ous s t i r r i n g , f o r 1 5 min dur ing which time the temperature 
rose to 14° and then r e t u r n e d to 5 ° . A f t e r the r e s u l t i n g 
mixture had been s t i r r e d a t 2 5 ° f o r 10 h r , i t was t r e a t e d 
w i t h 10 ml o f aqueous NH^Cl, a c i d i f i e d w i t h aqueous 12 M H C 1 , 
and e x t r a c t e d w i t h Et20 . The o r g a n i c l a y e r was washed w i t h 
aqueous 3 M NaOH and then concentrated and mixed w i t h a known 
w e i g h t of durene f o r g l p c a n a l y s i s (Carbowax 20M on Chromosorb P 
a p p a r a t u s c a l i b r a t e d w i t h known m i x t u r e s ) . The low m o l e c u l a r 
w e i g h t compounds i n the n e u t r a l l a y e r were ( g l p c a n a l y s i s ) 
t - b u t y l c y c l o h e x a n e ( 2 4 ) ( r e t . time 4 . 5 min, 1 3 $ y i e l d ) , 
4 - t - b u t y l c y c l o h e x e n e ( 2 2 ) {5>6-&.5 min, 3 $ y i e l d ) , and durene 
( 2 7 . 5 m i n ) . The a l k a l i n e aqueous e x t r a c t was a c i d i f i e d and 
e x t r a c t e d w i t h E t P 0 to s e p a r a t e 7 5 6 mg ( 8 3 $ ) of crude t r a n s -
38 
4 - t - b u t y l c y c l o h e x a n o i c a c i d (26) a n d c i s - 4 - t - b u t y 1 e y e 1 o h e x a n -
o i c a c i d (31)• A s o l u t i o n o f t h e s e c r u d e a c i d s 26 a n d 31 i n 
35 m l o f MeOH w a s e s t e r i f i e d w i t h 50 m l o f a n e t h e r e a l s o l u ­
t i o n c o n t a i n i n g 5*5 mmol o f C H g N g - T h e s o l u t i o n w a s d r i e d , 
c o n c e n t r a t e d , a n d m i x e d w i t h a k n o w n w e i g h t o f d u r e n e f o r 
g l p c a n a l y s i s ( C a r b o w a x 20M o n C h r o m o s o r b P , a p p a r a t u s 
c a l i b r a t e d w i t h k n o w n m i x t u r e s ) . T h i s f r a c t i o n c o n t a i n e d 
d u r e n e ( r e t . t i m e 8 . 4 m i n ) , c i s - m e t h y l - 4 - t - b u t y l c y c l o h e x a n o -
a t e (32) (20.4 m i n , 21$ y i e l d ) , a n d t r a n s - m e t h y l - 4 - t - b u t y l -
c y c l o h e x a n o a t e ( 1 4 ) (27.2 m i n , 61$ y i e l d ) c o r r e s p o n d i n g t o 
<v/v» 
a m i x t u r e o f 26$ c i s e s t e r 32 a n d 74$ o f t r a n s e s t e r 1 4 . C o l 
l e c t e d ( g l p c ) s a m p l e s o f t h e t w o e s t e r s 32 a n d 1 4 w e r e i d e n -
t i f i e d w i t h a u t h e n t i c s a m p l e s b y c o m p a r i s o n o f i r s p e c t r a 
a n d g l p c r e t e n t i o n t i m e s . 
A s e c o n d 1 8.0 - m l a l i q u o t o f t h e G r i g n a r d r e a g e n t 1 c o n -
t a i n i n g 3*33 mmol o f 1 w a s c o o l e d t o 5° a n d t h e n 1.107 g 
(6.2 m m o l ) o f D 2 0 i n 10 m l o f THF w a s a d d e d , d r o p w i s e a n d 
w i t h s t i r r i n g d u r i n g 10 m i n . T h e r e s u l t i n g m i x t u r e w a s s t i r ­
r e d o v e r n i g h t a n d t h e n p a r t i t i o n e d b e t w e e n p e n t a n e a n d H 2 0 . 
A l i q u o t s o f t h e p e n t a n e s o l u t i o n w e r e m i x e d w i t h k n o w n w e i g h t 
o f e i t h e r d u r e n e o r n - C ^ g H ^ g f o r g l p c a n a l y s i s . T h e y i e l d s 
w e r e 8 8 $ o f t - b u t y l c y c l o h e x a n e ( 2 4 ) , c i s - 4 - t - b u t y l d e u t e r i o -
c y c l o h e x a n e ( g f f ) , a n d t r a n s - 4 - t - b u t y l d e u t e r i o c y c l o h e x a n e ( ^ 8 ) 
2 % o f 4 - t - b u t y l c y c l o h e x e n e (22); a n d 3.3$ o f t h e i s o m e r s o f 4 1-
b u t y l c y c l o h e x y l - 4 - t - b u t y l c y c l o h e x a n e s : 2$ o f d i m e r 2 7 ; 0.3$ 
o f d i m e r 2 8 ; a n d 1$ o f d i m e r 2 9 . A c o l l e c t e d ( g l p c ) s a m p l e 
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o f o l e f i n 22 w a s i d e n t i f i e d w i t h a n a u t h e n t i c s a m p l e b y 
ruru A 
c o m p a r i s o n o f i r s p e c t r a a n d g l p c r e t e n t i o n t i m e s . A c o l ­
l e c t e d ( g l p c ) s a m p l e o f h y d r o c a r b o n s £ 4 , 37 , a n d ^8 h a d t h e 
f o l l o w i n g s p e c t r a l p r o p e r t i e s : i r ( n e a t ) , 2180 ( s h o u l d e r ) 
a n d 2160 cm ( C - D ) . T h e r e s o l u t i o n o b t a i n e d i n t h e JC n m r 
s p e c t r u m ( C ^ D ^ ) o f t h e s a m p l e w a s n o t s u f f i c i e n t t o d i s t i n g u i s h 
13 
b e t w e e n d e u t e r a t e d h y d r o c a r b o n s 37 a n d 38. J A t e n t a t i v e 
ruru ruru 
m e a s u r e o f d e u t e r i u m c o n t e n t o f t h i s p r o d u c t w a s o b t a i n e d b y 
u s e o f t h e m a s s s p e c t r a l p e a k s f o r t h e f r a g m e n t i o n s a t 
m / e 125 t o m / e 128 (M +-15) . T h e c o m p o s i t i o n w a s 22^ d Q s p e c i e s 
a n d 78$ d ^ s p e c i e s . 
B . F r o m t r a n s - 4 - t - b u t y l e y e 1 o h e x y 1 c h l o r i d e ( & 3 ) . 
T h e r e a c t i o n o f 1.601 g (9.16 mmo l ) o f t r a n s - 4 - t - b u t y l -
c y c l o h e x y l c h l o r i d e (23) w i t h 603 mg ( 24 .8 m g - a t o m ) o f Mg 
ruru 
i n 50 m l o f T H F w i t h 654 mg (3-49 mmo l ) o f a d d e d B r C H g C H g B r 
( a d d e d i n t h r e e p o r t i o n s ) d u r i n g 5«5 h r y i e l d e d a s o l u t i o n 
o f 4 - t - b u t y l c y c l o h e x y l m a g n e s i u m c h l o r i d e Q.) t h a t w a s 0 .14 M 
ru 
(83$ y i e l d , 0.007 M r e s i d u a l b a s e ) . A 30 - m l a l i q u o t o f t h i s 
s o l u t i o n w a s c o o l e d t o 6° a n d t h e n t r e a t e d w i t h COg f o r 15 
m i n a s p r e v i o u s l y d e s c r i b e d . T h e c r u d e m i x t u r e o f t r a n s - 4 - t -
b u t y l c y c l o h e x a n o i c a c i d (26) a n d c i s - 4 - t - b u t y l c y c l o h e x a n o i c 
ruru A / 
a c i d ( 3 D (709 m g , 76$ y i e l d ) w a s e s t e r f i e d w i t h C H Q N Q f o r 
ruru C. C. 
g l p c a n a l y s i s . T h e y i e l d s w e r e : t - b u t y l c y c l o h e x a n e ( 2 4 ) . 
17$; 4 - t - b u t y l c y c l o h e x e n e (22), 2$; c i s - m e t h y l - 4 - t - b u t y l c y c l o -
4 0 
h e x a n o a t e ( 3 2 ) , 1 8 $ ; t r a n s - m e t h y l - 4 - t - b u t y l c y c l o h e x a n o a t e ( 1 4 ) , 
ruru . ru ruru 
5 3 $ . T h e s e v a l u e s c o r r e s p o n d t o a m i x t u r e o f 2 5 $ c i s e s t e r 
3 2 a n d 7 5 $ t r a n s e s t e r 1 4 . 
ruru * ruru 
A 2 0 . 0 - m l a l i q u o t o f t h e G r i g n a r d r e a g e n t 1 w a s t r e a t e d 
w i t h a s o l u t i o n o f 1 . 1 0 7 g o f D 2 0 i n 1 0 m l o f T H F a s p r e v i o u s l y 
d e s c r i b e d . T h e y i e l d s o f p r o d u c t s ( g l p c a n a l y s i s ) w e r e : 
t - b u t y l c y c l o h e x a n e ( 2 4 ) , j c i s - 4 - t - b u t y l d e u t e r i o c y c l o h e x a n e 
ru ruru ™ 
( 3 7 )i a n d t r a n s - 4 - 1 - b u t y 1 d e u t e r i o c y c 1 o n e x a n e Q 8 ) , 9 2 $ ; 
4 - t - b u t y l c y c l o h e x e n e ( 2 2 ) , 3 $ ; a n d . t h e i s o m e r s o f 4 , - t , - b u t y l -
ru ruru ru 
cyclohexyl-4-t-butylcyelohexane, 4 $ : 3 $ ° f dimer 2 7 , 
ru w«v 
0 . 5 $ o f d i m e r 2 8 , a n d 0 . 5 $ o f d i m e r 2 9 . A c o l l e c t e d ( g l p c ) 
ruru ruru 
s a m p l e o f t h e h y d r o c a r b o n s 2 4 , 3 7 , a n d 3 8 h a d t h e f o l l o w i n g 
ruru ruru ruru 
—1 
s p e c t r a l p r o p e r t i e s : i r ( n e a t ) 2 1 8 0 ( s h o u l d e r ) a n d 2 1 6 0 cm 
1 3 
( C - D ) . T h e r e s o l u t i o n o b t a i n e d i n t h e JC n m r s p e c t r u m 
( C ^ D ^ ) o f t h i s s a m p l e w a s i n s u f f i c i e n t t o d i s t i n g u i s h b e t w e e n 
1 3 
d e u t e r a t e d h y d r o c a r b o n s 3 7 a n d 3 8 • A t e n t a t i v e m e a s u r e o f 
ruru ruru 
t h e m a s s s p e c t r a l p e a k s f o r t h e f r a g m e n t i o n s a t m / e 1 2 5 t o 
m / e 1 2 8 ( M + - 1 5 ) . T h e c o m p o s i t i o n w a s 2 9 $ d Q s p e c i e s , ? 0 $ 
d^ s p e c i e s , a n d 1 $ d 2 s p e c i e s . 
P r e p a r a t i o n o f 
c i s - 4 - t - b u t y l c y c l o h e x y l d i m e t h y l c a r b i n o l ( ^ 0 ) . - . 
T o a s o l u t i o n o f 2 . 6 9 5 g ( 1 3 - 6 m m o l ) o f c i s - m e t h y l - 4 -
t - b u t y l c y c l o h e x a n o a t e ( 3 2 ) i n 1 5 m l o f E t 9 0 w a s a d d e d , d r o p -
ru ruru * 
w i s e a n d w i t h s t i r r i n g d u r i n g 1 5 m i n , 3 ^ m l o f a n e t h e r e a l 
41 . 
2 8 
s o l u t i o n c o n t a i n i n g 34.3 mmo l o f M e L i . T h e r e s u l t i n g m i x ­
t u r e w a s r e f l u x e d f o r 1 h r a n d t h e n p a r t i t i o n e d b e t w e e n E t g O 
a n d a q u e o u s N H j ^ C l . A f t e r t h e o r g a n i c l a y e r h a d b e e n d r i e d 
a n d c o n c e n t r a t e d , t h e r e s i d u a l s o l i d (2 . 6 6 g ) w a s r e c r y s t a l ­
l i z e d f r o m p e n t a n e t o s e p a r a t e 1 . 4 8 2 g (55%) o f c i s - 4 - t - b u t y l -
c y c l o h e x y l d i m e t h y l c a r b i n o l (50) a s c o l o r l e s s n e e d l e s , mp 
4 8 . 5 - 4 9 ° ( l i t . 8 mp 49-50); i r ( C C l ^ ) , 3590 a n d 3400 ( b r o a d ) 
c m " 1 ( O H ) ; n m r ( C C l ^ ) , 6 0.8-2.2 ( m , OH a n d a l i p h a t i c C H 
i n c l u d i n g a C H 0 s i n g l e t a t 1 . 1 5 a n d a t - B u s i n g l e t a t 0.85); 
m a s s s p e c t r u m , m / e ( r e l . i n t e n s i t y ) , I83 (7), 109 ( 2 1 ) , 
59 (100), 57 (34), 5 6 (30), a n d 39 (21). 
P r e p a r a t i o n o f 
t r a n s - 4 - t - b u t y l c y c l o h e x y l d i m e t h y l c a r b i n o l ( 5 1 ) 
T o a s o l u t i o n o f 2 . 4 1 7 g (12.2 m m o l ) o f t r a n s - m e t h y l -
4 - t - b u t y l c y c l o h e x a n o a t e ( 1 4 ) i n 15 m l o f E t O 0 w a s a d d e d , 
d r o p w i s e a n d w i t h s t i r r i n g d u r i n g 15 m i n , 3°.2 m l o f a n 
e t h e r e a l s o l u t i o n c o n t a i n i n g 3°.5 mmo l o f M e L i . A f t e r t h e 
r e s u l t i n g s o l u t i o n h a d b e e n r e f l u x e d f o r 1 . 5 h r , i t w a s p a r t i ­
t i o n e d b e t w e e n E t ^ O a n d a q u e o u s N H ^ C l . T h e o r g a n i c l a y e r w a s 
d r i e d a n d c o n c e n t r a t e d t o l e a v e 2.417 g o f r e s i d u a l w h i t e 
s o l i d . R e c r y s t a l l i z a t i o n , f r o m p e n t a n e s e p a r a t e d 1.514 g (63$) 
o f t r a n s - 4 - t - b u t y l c y c l o h e x y l d i m e t h y l c a r b i n o l (^1) a s c o l o r ­
l e s s n e e d l e s , mp 101-101.2° ( l i t . 8 mp 101 . 5-102°) ; i r ( C C l ^ ) , 
3590 a n d 3450 ( b r o a d ) c m " 1 ( O H ) ; n m r ( C C l k ) , 6 0.8-2.2 ( m , OH 
4 2 
A N D A L I P H A T I C C H I N C L U D I N G A C H Q S I N G L E T A T 1 . 0 9 A N D A T - B U 
S I N G L E T A T 0 . 8 5 ) ; M A S S S P E C T R U M , M / E ( R E L . I N T E N S I T Y ) , I 8 3 ( 4 ) , 
1 0 9 ( 1 5 ) , 5 9 ( 1 0 0 ) , 5 8 ( 1 6 ) , 5 7 ( 3 3 ) , 5 6 ( 4 0 ) , 4 3 ( 1 9 ) , A N D 
4 1 ( 2 6 ) . 
P R E P A R A T I O N O F 
C I S - 4 - T - B U T Y L C Y C L O H E X Y L D I P H E N Y L C A R B I N O L ( 5 2 ) 
—- ru ruru 
T O A S O L U T I O N O F 2 . 7 3 2 . G • ( 1 3 . 8 M M O L ) O F C I S - M E T H Y L - 4 - T -
—~~— ru 
B U T Y L C Y C L O H E X A N O A T E ( 3 2 ) I N 1 5 M L O F E T O 0 W A S A D D E D , D R O P W I S E 
ruru C. 
A N D W I T H S T I R R I N G D U R I N G 2 0 M I N , 2 9 M L O F A N E T H E R E A L S O L U -
2 9 
T I O N C O N T A I N I N G 3 2 . 8 M M O L O F P H M G B R . 7 A F T E R T H E S O L U T I O N 
H A D B E E N R E F L U X E D F O R 4 H R , I T W A S P A R T I T I O N E D B E T W E E N E T G O 
A N D C O L D A Q U E O U S H C L . T H E O R G A N I C L A Y E R W A S D R I E D A N D C O N ­
C E N T R A T E D T O L E A V E 4 . 6 8 7 G O F C R U D E S O L I D P R O D U C T . R E C R Y S T A L -
L I Z A T I O N F R O M P E N T A N E S E P A R A T E D 2 . 7 9 8 G ( 6 3 $ ) O F C I S - 4 - T -
B U T Y L C Y C L O H E X Y L D I P H E N Y L C A R B I N O L ( 5 2 ) A S C O L O R L E S S P R I S M S , 
ruru 
M P 8 4 . 5 - 8 5 ° ; I R ( C C L ^ ) , 3 5 9 0 C M " 1 ( O H ) ; U V ( C Y C L O H E X A N E ) , 
S E R I E S O F W E A K M A X I M A ( € 3 3 4 - 4 1 3 ) I N T H E R E G I O N 2 4 8 - 2 6 5 W I T H 
I N T E N S E E N D A B S O R P T I O N ; N M R ( C C L ^ ) , - 6 7 . O - 7 . 6 ( 1 0 H , M , A R Y L 
C H ) , 2 . 6 5 ( 1 H , B R O A D , O H ) , 1 . 1 - 1 . 9 ( 1 0 H , M , A L I P H A T I C C H ) , 
A N D 0 . 8 5 ( 9 H , S , T - B U ) , M A S S S P E C T R U M , M / E ( R E L . I N T E N S I T Y ) , 
3 0 4 ( 1 5 ) , 3 0 3 ( 5 4 ) , 1 8 4 ( 3 9 ) , 1 8 3 ( 4 5 ) , 1 8 0 ( 5 0 ) , 1 6 7 ( 4 7 ) . 
1 0 5 ( 7 4 ) , 9 1 (55), 11 ( 3 5 ) , 7 2 ( 3 2 ) , 5 7 ( 1 0 0 ) , 5 5 ( 2 8 ) , 
4 3 ( 5 7 ) , 4 2 ( 4 6 ) , 4 1 ( 4 5 ) , A N D 3 9 ( 3 0 ) . 
A N A L . C A L C D F O R C ^ H ^ Q O : C , 8 5 . 6 6 ; H , 9 . 3 8 . F O U N D : 
C , 8 5 . 4 3 J H , 9 . 4 9 . 
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P r e p a r a t i o n o f 
t r a n s - 4 - t - b u t y l c y c l o h e x y l d i p h e n y l c a r b i n o l 
T o a s o l u t i o n o f 2.442 g ( 1 2 . 3 m m o l ) o f t r a n s - m e t h y l -
4 - t - b u t y l c y c l o h e x a n o a t e ( 1 4 ) i n 15 m l o f Eto0 w a s a d d e d , d r o p -
r w i s e a n d w i t h s t i r r i n g d u r i n g 20 m i n , 26 m l o f a n e t h e r e a l 
29 
s o l u t i o n c o n t a i n i n g 28.9 mmol o f P h M g B r . 7 A f t e r t h e r e s u l t i n g 
s o l u t i o n h a d b e e n r e f l u x e d f o r 2.25 h r , i t w a s c o o l e d a n d 
p a r t i t i o n e d b e t w e e n Et20 a n d c o l d d i l u t e a q u e o u s H C 1 . A f t e r 
t h e o r g a n i c s o l u t i o n h a d b e e n d r i e d a n d c o n c e n t r a t e d , t h e 
r e s i d u a l w h i t e s o l i d w a s r e c r y s t a l l i z e d f r o m p e n t a n e t o 
s e p a r a t e 2.382 g (60$) o f t r a n s - 4 - t - b u t y l c y c l o h e x v l d i p h e n y l 
c a r b i n o l ( £ £ ) a s c o l o r l e s s p r i s m s , mp 98.5-98.80. F u r t h e r 
r e c r y s t a l l i z a t i o n r a i s e d t h e m e l t i n g p o i n t o f t h e c a r b i n o l 
5 3 t o 99-0-99.2°; i r ( C C l j , ) , 3590 a n d 3470 c m " 1 ( O H ) ; u v 
( c y c l o h e x a n e ) , s e r i e s o f w e a k m a x i m a ( € 2 8 7 - 4 2 8 ) i n t h e r e g i o n 247-266 nm w i t h i n t e n s e e n d a b s o r p t i o n ; nmr ( C C l ^ ) , 6 7-0-7.6 
( 1 0 H , m, a r y l C H ) , 2.24 (1 H , b r o a d , O H ) , 0.7-2.0 (19 H , m, 
a l i p h a t i c CH i n c l u d i n g a t - B u s i n g l e t a t O.83); m a s s s p e c t r u m , 
m / e ( r e l . i n t e n s i t y ) , 304 ( 2 0 ) , 303 ( 7 4 ) , 206 (22), 205 (27), 
1 8 0 ( 7 4 ) , 1 6 8 ( 2 0 ) , 1 6 7 (91). 1 6 5 (3D, 1 2 8 (30), 1 1 7 ( 2 0 ) , 
115 ( 5 9 ) , 91 (92), 57 ( 1 0 0 ) , 55 (23), a n d 41 (50). 
A n a l . C a l c d f o r C^H^qO: C , 85.66; H , 9-38. F o u n d : C, 85.68; H, 9.40. 
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R e a c t i o n o f 
4 - ^ - b u t y l c y c l o h e x y l m a g n e s i u m c h l o r i d e ( 1 ) 
w i t h a c e t o n e 
R e a c t i o n o f 1 . 4 1 2 g ( 8 . 0 8 mmol) o f c i s - 4 - t - b u t y l c y c l o -
- h e x y l c h l o r i d e ( 1 2 ) and 4 3 6 mg ( 2 . 3 3 mmol) o f B rCH 9 CH 9 Br w i t h 
9 2 1 mg ( 3 7 . 9 mg-a tom) o f Mg i n 4 0 ml o f THF f o r 3 . 5 h r 
y i e l d e d a s o l u t i o n o f 4 - t - b u t y l c y c l o h e x y l m a g n e s i u m c h l o r i d e 
( 1 ) t h a t was 0 . 1 6 0 M ( 8 5 % y i e l d , 0 . 0 0 5 M r e s i d u a l b a s e ) . A 
3 8 . 0 - m l a l i q u o t o f t h i s s o l u t i o n ( c o n t a i n i n g 6 . 2 7 mmol o f 
G r i g n a r d r e a g e n t 1 was c o o l e d t o - 3 ° and then a s o l u t i o n o f 
1 . 5 8 g ( 2 7 . 2 mmol) o f a c e t o n e ( f r e s h l y d i s t i l l e d from KgCO^) 
i n 10 ml o f THF was added , d r o p w i s e and w i t h s t i r r i n g d u r i n g 
1 5 min , w h i l e the temperst ture was k e p t a t - 1 ° t o - 3 ° » The 
r e s u l t i n g m i x t u r e was s t i r r e d a t - 1 ° t o - 3 ° f o r 20 min and 
then warmed t o 2 5 ° and h y d r o l y z e d by the a d d i t i o n o f aqueous 
N H ^ C l . A f t e r the m i x t u r e had been p a r t i t i o n e d b e t w e e n Et^O 
and HgO, the c rude l i q u i d p r o d u c t was mixed w i t h known w e i g h t 
o f durene f o r g l p c a n a l y s i s (Carbowax 20M on Chromosorb P , 
a p p a r a t u s c a l i b r a t e d w i t h known m i x t u r e s ) . The c rude p r o d u c t 
c o n t a i n e d ^ - b u t y l c y c l o h e x a n e ( 2 4 ) ( r e t . t ime 4 . 4 min , 7 9 $ 
y i e l d ) , 4 - J - b u t y l c y c l o h e x e n e ( 2 2 ) ( 6 . 7 m in , 9 $ y i e l d ) , and 
an u n i d e n t i f i e d component ( 1 8 . 8 m i n ) , and durene ( 2 7 . 6 m i n ) . 
None o f the i s o m e r s o f 4 * - t , - b u t y l c y c l o h e x y l - 4 - t - b u t y l c y c l o -
hexane 2 ^ - 2 ^ ) w e r e d e t e c t e d by g l p c a n a l y s i s ( s i l i c o n e QF^ on 
Chromosorb P ) . A n a l y s i s o f t h e c rude p r o d u c t b y t i c ( s i l i c a 
45 
g e l c o a t i n g , E t^O-hexane e l u e n t , 3:7 v / v ) i n d i c a t e d t h e 
p r e s e n c e o f t r a n s - 4 - t - b u t y l c y c l o h e x y l d i m e t h y l c a r b i n o l ( ^ 1 ) 
(Rx.0,25) bu t n o t c i s - 4 - t - b u t y l c y c l o h e x y l d i m e t h y l c a r b i n o l -(50) 
(R^ O.36). The t o t a l c rude p r o d u c t was ch romatographed on 
r s i l i c a g e l w i t h an E tOAc-hexane e l u e n t t o s e p a r a t e 148 mg 
( 1 0 $ ) o f the t r a n s c a r b i n o l £ 1 , mp 100 .5 -101.5°, t h a t was 
i d e n t i f i e d w i t h an a u t h e n t i c sample by c o m p a r i s o n o f i r 
s p e c t r a . 
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